Abstract. Vehicle simulation is a very important part in the design and development of powertrains groups. To precisely simulate the powertrain running status, many commercial software products are applied into the development of control strategy. AVL Cruise software allows the simulation of the vehicle driving performance, fuel consumption and emissions. In 2017 the European Union intends to adopt a unique normalized cycle World Harmonized Light vehicles Testing Cycle -WLTC, more representative for the real traffic, with more aggressive acceleration and patchy, with higher maximum speed, with a greater length of time. A conventional powertrain will be created in the AVL Cruise software and simulate vehicle driving performance, fuel consumption and emissions over the new WLTC test cycle. In order to achieve this, the WLTC test cycle will be written and adapted to the Cruise simulation software for the proposed powertrain. A conventional powertrain, with a unique power source represented by an internal combustion engine will be considered for the sake of simplicity. The results will be useful for the automotive specialists and car manufacturers.
Introduction
Road transport contributes about one-fifth of the European Union's (EU) total emissions of carbon dioxide (CO2), the main Greenhouse Gas (GHG), 75% of which originates from passenger cars. Despite the fact that these emissions fell by 3.3% in 2012, they are still 20.5% higher than in 1990.
A fleet average mass-dependent CO 2 limit of 130g/km by 2015 was adopted. Another10 g of CO 2 were expected to be gained from supplementary measures not covered by the type approval test (i.e. bio-fuels, gearshift indicators, improved air-conditioning systems, driver education etc.), in order to reach overall emission levels of 120g CO 2 /km. Since then the EU implemented a strategy for reducing fur-ther CO2 emissions and fuel consumption from passenger cars foreseeing compulsory, fleet average and mass dependent targets of 95g/km by 2021. Failure of a manufacturer to comply with mandatory limits results in fines ranging from €5 to €95per gram of excess CO 2 per vehicle sold. This policy has caused significant changes in the average official CO 2 emissions and a shift in the major characteristics of European passenger vehicles over the past decade (Figure 1 ). This has been accompanied by a reduction in average engine capacity despite the apparent increase in engine power and is a direct result of engine downsizing for both diesel and gasoline engines. However, the WLTP is not expected to change the established CO 2 targets or the way policy is being assessed, and a translation of the WLTC into the NEDC-based system will take place until year 2020.To what extent, and how, the new procedure will be used in Europe for policy making and vehicle labelling with regards to vehicle fuel consumption and CO2 emissions, remains (as of 2017) unclear. Therefore, this paper treats software simulation as an important part of all this process of adapting the new WLTC test cycle using AVL Cruise software and can significantly reduce the time required for developing new technologies and control strategies in the automotive field. In order to achieve this, the WLTC test cycle will be written and adapted to the Cruise simulation software for the proposed powertrain.
Adapting the new WLTC test cycle in AVL Cruise simulation software
In the following paragraphs the most influential differences between the NEDC and WLTP are described and how to adapt and introduce the new WLTC test cycle parameters to simulate a conventional vehicle in the AVL Cruise software.
Description of the main differences between NEDC and WLTC test cycle
WLTP substantially differs from NEDC in the preparation and preconditioning of the vehicle for testing and the post-test management. The latter mainly concerns the corrections applied in the CO2 values to account for the different contribution of each vehicle's electrical system, a correction which is of crucial importance given the high penetration of micro and mild hybridization systems to modern cars. The kinematic characteristics of NEDC and WLTC, speed and acceleration related rebound effects, as well as their potential effect on pollutant formation and CO2 emissions have been sufficiently covered by the scientific community so far. The basic characteristics of NEDC and WLTC, are described in Table 1 . Compared to WLTC, NEDC is characterized by shorter duration and distance, longer idling and cruising time and lower speed and acceleration ( Figure 2 ). It can be seen that the NEDC have stabilized speed zones with slow acceleration while the WLTC they are more aggressive due to the operation in the transitional phases. Table 2 presents the main improvements of the WLTP with respect to the NEDC. The changes are divided in four categories, namely: (i) road-load determination; (ii) laboratory test; (iii) processing test results; and (iv) Certificate of Conformity (CoC). With regards to (i) a series of changes take place. In WLTP for example the definition of the mass has changed (to be more realistic by e.g. including the effect of optional equipment). In addition, the mass is allowed to vary in a continuous way (inertia classes have been removed). A new more detailed protocol regarding the calculation of resistance forces is introduced; tyre characteristics are strictly defined as are the boundary conditions for tyre pressure and pressure during the test. For example, the WLTP prescribes that the type-approval test is carried out with the tyre pressure set at the minimum of its range, resulting in an approximate 0.3% increase in CO2emissions. The WLTP standard for the minimum tyre tread depth is more stringent (80%-100%) than under NEDC (50% -90%). In category (ii) the new speed profile and gears shifting calculation algorithm are the main changes where as more strict definitions regarding the test temperature boundaries and the vehicle preconditioning are introduced. The world harmonized driving cycle (WLTC) is expected to address the issue of a non-realistic speed profile or traffic conditions. The WLTC cycle was produced from around 1 million km of real-world vehicle activities and is subdivided in four different phases reflecting traffic conditions at different average speeds. With regards to the processing of the final results, new concepts are foreseen such as the correction of the fuel consumption for the difference between the test temperature (23°C) and the average European temperature value of 14°C and the correction addressing the effect of battery depletion during the test (battery State Of Charge correction). Finally, the current type approval extension mechanism, resulting in up to 4% lower emissions compared to the tested one, is abolished and a new definition of vehicle families and how the certification can be extended to vehicles of similar characteristics is introduced. Errors and flexibilities in the test execution and road load determination have been also corrected.
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This will contribute to achieving a more realistic certification value. The impact of the introduction of WLTP on the average fleet-wide CO 2 is estimated to be of the order of 15-25%, increasing the average CO 2 of new passenger cars between 18 and 30g/km (although any calculation has a wide margin of uncertainty due to the fact that the new definitions in the protocol regarding vehicle classification, road load determination and type approval extension cannot be easily quantified). WLTP in its first stage is lacking any correction for the use of air-conditioning and there is no ex-post correction of the protocol based on the real-world performance of vehicles. Due to the existence of specific CO 2 targets associated with the NEDC, the old procedure will remain as a legal reference for all CO 2 related targets until year 2021.
Describe the steps needed to adapting the new WLTC test cycle in AVL Cruise
In order to written and adapted the new WLTC test cycle to the Cruise simulation software for the proposed powertrain it is necessary to explain the main advantages of computerized simulation. One way of studying the potential of improving vehicle operation is to simulate different working conditions using the AVL-CRUISE software. CRUISE is the prime tool for finding the right balance between fuel economy, emissions, performance and drive quality for conventional and alternative vehicle concepts. Several studies have been undertaken to predict fuel economy and carbon dioxide emissions, or to optimize these parameters, as well as developing new strategies for alternative power train architectures. Other studies even used these different modules to better predict performance and emissions during transient operation. In order to add a new WLTC test cycle, it is necessary to add a new simulation cycle as shown in Figure 4 in the Project data option. Once the new simulation cycle is added, it will be necessary to load a proper cycle, characterized by the speed and time coordinates.
The new WLTC test cycle can be described as an excel table in the form of table 3. The table will have to contain the speed of the vehicle in seconds per second. In the example below only part of the WLTC test cycle is described and it is characterized by transient operating phases. Table 3 . Characteristics of the new WLTC test cycle.
Once we set up the table with this time and speeds should be loaded in the cycle of previously created, as shown in Figure 5 . Once these parameterizations have been made to the new WLTC teste cycle in the AVL Cruise simulation software, any simulation of a vehicle with this test cycle can be performed. In the following, a conventional powertrain simulation will be performed.
Simulation for the conventional powertrain with WLTC test cycle adapted in AVL Cruise
To perform a simulation, a conventional powertrain will be created in the AVL Cruise software and simulate vehicle driving performance, fuel consumption and emissions over the new WLTC test cycle adapted. 
Conclusions
Application of simulation processes using AVL Cruise offers a number of advantages such as reduced costs for the car manufacturers and the opportunity to revise the car structure at any stage of the process. The data obtained with a new WLTC test cycle as a result of computer simulation using AVL Cruise shows a noticeable increase of fuel consumption and CO2 emission in the transition loads for NEDC vs. WLTC. The software can be used to analyze operational parameters for the entire vehicle, including the power unit, transmission and after-treatment system, throughout all the development phases. This greatly reduces the need for experimental trials and results in decreased development costs, with speedy identification of critical points where significant improvements can be achieved. Simulation software can significantly reduce the time required for developing new technologies and control strategies in the automotive field. Therefore, the possibility of simulating a conventional powertrain operation using the AVL Cruise software was investigated. The results obtained by running the software were found indicative data that can be effectively will be useful for the automotive specialists and car manufacturers.
